Objective: The aims of this research were to determine the prevalence of Helicobacter pylori and its vacA genotypes in oral cavity in persons without dyspepsia and to establish the association between the presence of H. pylori in oral cavity and oral hygiene. The seroprevalence of anti-H. pylori antibodies and its associated factors were analyzed too. Study design: For the study, 200 adults without dyspepsia symptoms were selected. Dental plaque and saliva samples from each subject were obtained. H. pylori detection in oral samples was carried out by polymerase chain reaction (PCR) and for vacA genotyping a semi-nested and nested PCR was used. The enzyme-linked immunosorbent assay (ELISA) was used to detect anti-H. pylori IgG and IgM. The data were analyzed with Chi square and Fisher exact test and the statistical significance was set to 0.05.
Introduction
Helicobacter pylori colonizes the human stomach and its persistence is associated with the development of chronic gastritis, peptic ulcer and gastric cancer. This bacterium is distributed worldwide and its prevalence greatly varies with geographic areas and population age (1) . The transmission mechanism is not well established but infected saliva or food contamination seems to be most probable (2) . The H. pylori DNA has been detected in saliva and dental plaque from patients with gastroduodenal pathology (3) (4) (5) (6) (7) . This fact strengthens the hypothesis that the oral cavity is a reservoir for H. pylori, it could be the source for gastric infection and re-infection post therapy as well as person-to-person transmission (3). Nevertheless, the role H. pylori plays in the oral cavity is controversial since the detection rate of the bacterium in the mouth is 0% to 100% (3) (4) (5) (6) (7) (8) . Gastroesophagic reflux, deficient oral hygiene and frequent vomiting are conditions that may facilitate oral colonization and also the environment and life-style could be decisive for H. pylori infection (4) . Only a few of the persons infected develop gastric disease and this event is related to the expression of virulence genes vacA and cagA. vacA gene is polymorphic and the levels of production of the cytotoxin were closely associated with vacA genotype. H. pylori strains with vacA s1/m1 genotype produce high cytotoxin levels, the s1/m2 strains moderate levels and s2/m2 strains produce minimal or no concentration of toxin. The vacA s1 and m1 allelotypes are associated with epithelial damage, peptic ulcer and gastric cancer (9) . The H. pylori vacA gene is one of the most studied genes related to the pathogenesis in the gastric mucosa but the published data on the presence of this gene in the oral cavity are scarce (10, 11) . It is not known if the bacterial allelotypes that colonize the mouth are the most frequently found in the stomach of patients with gastritis, ulcer or gastric cancer. Typifying the oral H. pylori will give useful data about the role that oral cavity plays in bacterial transmission. The aim of this study was to assess the prevalence of H. pylori vacA genotypes in the oral cavity of persons without dyspepsia and to investigate the relationship between this infection and the oral hygiene habits. Prevalence of IgM and IgG anti-H. pylori serum antibodies and their relationship with risk factors for the infection acquisition or gastritis onset were also investigated. Another additional purpose was to examine the correlation between the presence of these bacteria in the oral cavity and H. pylori seropositivity.
Materials and Methods
-Population selection. A total of 200 adults (over 18 years of age) without dyspepsia symptoms participated in this study. Those with a history of H. pylori infection or any gastroduodenal disease associated with these bacteria were excluded. None of the subjects had received nonsteroidal anti-inflammatory drugs, antacids or any antibiotics within two months before sampling. The participants signed a consent form and answered a questionnaire about personal data, oral hygiene habits and stress (12) . The project was approved by the Bioethics Committee of the Autonomous University of Guerrero.
-Samples. Sterile Gracey curettes (Hu-friedy, USA) were used to collect supragingival plaque. Saliva samples (2-3 mL) and dental plaque were placed in the same sterile polypropylene flasks containing digestion buffer [100 mM NaCL, 10 mM Tris HCl (pH 8.0), 20 mM EDTA (pH 8.0) and 0.5% SDS] and were kept at -20 °C until DNA extraction. Additionally 3 mL of blood were also collected by venous puncture and the serum was kept at -20 °C until the IgM and IgG detection.
-Anti-H. pylori antibodies test. The H. pylori infectious status was determined serologically using a commercially available enzyme-linked immunosorbent assay (ELISA) with a sensitivity and specificity of 96% and 97%, respectively (H. pylori IgG e IgM EIA assay, Internacional Immuno-Diagnostic, Foster, CA, USA). A person was considered H. pylori-positive when one or both antibodies were detected. -H. pylori detection. All samples from saliva-dental plaque were added with proteinase K solution (20 mg/ mL) and incubated at 65 ºC until the sample material was dissolved completely. Total genomic DNA was obtained from saliva-dental plaque using the phenol-chloroform-iso-amylic alcohol method (7) . H. pylori DNA was detected with the primers HP16-219 5'-GCTAA-GAGATCAGCCTATGTCC-3' and HPGR16SR 5'-CAATCAGCGTCAGTAATGTTC-3'that amplify a region of 522 pb of the rRNA 16S gene. The PCR reaction mix consisted of 450 ng of total DNA, 2.5 mM MgCl 2 , 0.2 mM dNTP´s (Invitrogen, Carlsbad, CA, USA), 10 pmol of each primer and 1 U of Platinum®Taq DNA Polymerase (Invitrogen, Carlsbad, CA, USA). After an initial denaturation step of 94 ºC for 5 minutes, there were 40 cycles with denaturation at 94 °C for 30 seconds, annealing at 55 °C for 30 seconds, extension at 72 °C for 1 minutes and the last extension at 72 ºC for 7 minutes. The PCR-amplified products were analyzed by electrophoresis on 1.5% agarose gels. The gels were stained with ethidium bromide and examined under UV light. Koehler et al. (13) . The PCR reaction mix consisted of 3µg of total DNA, 1 mM ofMgCl 2 , 0.15 mM of dNTP's, 10 pmol of each primer and 1 U of Platinum®Taq DNA polymerase. The first amplification included an initial denaturation step at 95 ºC for 3 minutes, then followed by 23 cycles at 95 °C for 40 seconds; 58 °C for 40 seconds, 72 °C for 45 seconds and one cycle at 72 °C for 3 minutes. For the second PCR amplification, 1 µL DNA template from the first PCR and 10 pmol of each primer were used and PCR was performed according to the PCR protocol described above, 34 cycles of amplification were performed. The PCR products were resolved by electrophoresis in 3% agarose gels. The three vacA primers generate 120 and 150 pb which corresponded to s1 and s2 alleles, respectively. For the m2 allele a band of 102 pb could be detected in agarose gel. The PCR product of vacA m1 was subjected to electrophoresis in 1.5% agarose gel and the samples were scored as positive when a band of 301 pb was observed. DNA of the ATCC43504 strain was used as a positive control for H. pylori and for the vacA s1/m1 genotype and it was included in each batch of PCR assays, as a negative control the template DNA was substituted by sterile deionized water. For the m2 region, as a positive control was used DNA from gastric biopsy which contained that allelotype. All PCR reactions were run in a thermocycler Mastercycler Ep gradient (Eppendorf, Germany).
-Statistical analysis. The STATA v. 9.0 program was used for the statistical analysis. Absolute and relative frequencies of the qualitative variables were obtained. The kappa index was used to calculate the concordance of the presence of anti-H pylori antibodies with the presence of bacterial DNA in the oral samples. The Chi square or Fisher's test was used to compare ratios of qualitative variables and to establish differences between groups. A p< 0.05 was considered significant.
Results
A total of 200 adults without dyspepsia participated in this study. Among these, 136 (68%) were females and 64 (32%) were males. The median age for the study group was 29.5 years of age. The academic status varied from analphabetic to post graduate studies and the occupations were diverse. Anti-H. pylori antibodies were found in 124 (62%) persons. Most of the seropositive subjects ate unclean street food, drank carbonated soft drinks (sodas), alcohol, coffee, and smoked. There were no significant differences with the presence of anti-H. pylori antibodies and risk factors that favour infection or gastric pathology (Table  1) . Two hundred samples from oral cavity (saliva and dental plaque from the same patient mixed together) were studied. H. pylori was detected in 34 (17%) oral samples from 23 (68%) women and from 11 (32%) men. Of the persons that were H. pylori-positive, 20 (58.8%) were in the age group 20-39 years old. Even though there was no significant correlation between the presence of H. pylori in oral cavity and oral hygiene habits 23 (67.6%) of the 34 positive persons brushed their teeth once or twice a day and used neither mouthwash nor dental floss. H. pylori was detected in the mouth of 23 (18.5%) of the 124 seropositive persons and in 11 (14.5%) who did not present antibodies to the bacterium. There is no agreement between the anti-H. pylori antibodies and the presence of bacteria in the mouth. The kappa value was 0.033. The vacA allelic variants were subtyping in 12 (35.3%) of the 34 H. pylori-positive subjects in oral samples. The vacA sl allele was found in 8 (66.7%) of 12 oral samples and one of them contained mixed vacA alleletypes s1/ m1m2. By other hand a mix of vacA m1 and m2 alleles was found in 2 (16.7%) samples ( Table 2 ). Most of the oral samples did not yield a detectable PCR product for the vacA s or m regions.
Discussion
In this research we found that prevalence of anti-H. pylori antibodies was 62%, which is close to the 66% national seroprevalence in the general population (14) . The difference might be due to several factors: genetic, geographic and socio-economic proper to each population plus to differences in the bacterial strains that originated the antigens used in antibody detection (15) . More than 70% of the seropositive subjects used to drink alcohol, sodas and coffee, so this group might have a greater probability to develop gastric pathology. There was not a relationship between the presence of H. pylori antibodies and age, sex, over-crowding, smoking or alcohol consumption. Our results agree with those reported by other authors (16, 17) . H. pylori is believed to be transmitted from person to person through the oral cavity. The hypothesis that the mouth is a reservoir for H. pylori and a potential source of gastric infection is strengthened by several reports of H. pylori DNA in the saliva and dental plaque (3) (4) (5) (6) (7) (8) . Among the techniques to detect H. pylori in the oral cavity, Polymerase Chain Reaction (PCR) has demonstrated to be specific and sensible, that is why it is considered the method of choice to detect DNA from H. pylori in the oral cavity (2, 4, 10) . Studies that employed culture methods failed to detect the bacterium in oral samples. One reason may be the presence of viable but non-culturable coccoid H. pylori organisms (2) (3) (4) (5) 10, 11) . In order to increase the number of bacteria in the sample and the probability of finding H.pylori DNA we mixed together the oral samples (dental plaque-saliva) from de same patient before preparation of genomic DNA for 
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References with links to Crossref -DOI PCR. A preferred intra-oral habitat has not been identified for H. pylori and the detection rate in dental plaque and saliva has been very variable (2) (3) (4) (5) 10, 11) . In this study we only used the PCR test to detect the DNA of H. pylori and the detection rate in the oral cavity was low (17%) but the frequency agrees or surpasses the reports of other authors in asymptomatic populations (4, 18) . H. pylori detection rate in the oral cavity varies from zero (8-10) to high infection frequencies (3, (5) (6) (7) 18) . These discrepancies could be attributed to differences in the socio-economic conditions, geographic areas, hygiene habits and food ingestion but also to the way the samples are collected and the oligonucleotides and the protocols used, all of which might modify the specificity and sensitivity of the detection methods (2) . The highest proportion (58.8%) of the oral H. pylori positive subjects was in the age group 20-39 years old and this frequency was higher than the one reported by Berroteran et al. (3) . This finding might be due to kissing and other relationships in this age group that favours the bacterial transmission. Female predominated among subjects with positive samples for H. pylori in oral cavity (68%) but the difference between sexes was not statistically significant. Similar results have been reported by other authors (4). In our study it is probable that the differences are due to a higher female participation. The reported oral colonization prevalence varies even though there were no data to associate the infection with gender (3, 4, 6). There was not a direct relation between H. pylori presence and teeth brushing frequency or with dental floss but a relationship might be found in the way the brushing is done. The type of mouthwash and the frequency that was used was not analysed in this research but has to be considered in later studies. We do not reject the possibility that these results might be biased by untrue data given in the questionnaire concerning oral hygiene. Berroteran et al. concluded that the dental plaque can be an important reservoir for H. pylori (3). In our study, 88.2% of the oral H. pylori positive individuals mentioned that they do not floss their teeth so maybe the dental plaque accumulation might be a bacterial reservoir.
H. pylori was detected in the oral cavity in 18.5 % of the seropositive subjects and in 14.5 % of those who did not show anti-H. pylori antibodies. It is possible that this result is related to the reports that propose that H. pylori can reach the stomach after a previous residence in the oral cavity or that a low number of bacteria can persist in the mouth for long periods of time without colonizing the stomach (5, 7). The disagreement between anti-H. pylori antibody presence and bacterial DNA in oral samples shows that the test results are independent and therefore both assays are complementary. We recommend the H. pylori searching in the oral cavity as an auxiliary tool for the diagnosis of infection by this bacterium. In 35.3% of H. pylori positive subjects allelic variants of vacA were found. The s1 vacA allele was detected in 8 samples but only in one of them the m1 and m2 allele combination was found. The m1 and m2 alleles were found in 2 subjects. Our results suggest that more than one H. pylori strain may exist in the mouth of the same person. It is documented that humans might be infected with 2 or more H. pylori strains and that the oral environment, which is first colonized, might help to generate the different H. pylori strains that infect the stomach (11) . As far as we know this is the first study of genotyping vacA in oral samples from subjects without dyspepsia symptoms. Interestingly our results show that the H. pylori strains with the vacA s1 alleles are predominant in the mouth and coincide with most of the ones found in Mexican patients with severe gastric pathology (19, 20) . We conclude that the prevalence of anti-H. pylori antibodies shows that this bacterial infection is very frequent in the Mexican population that does not have dyspepsia symptoms and also that the persistent infection with other risk factors could bring about gastritis. The presence of the bacterium in the oral cavity of asymptomatic persons might be the source for gastric infection. The study of oral samples and serologic assays are complementary for the diagnosis of infection in asymptomatic persons. The vacA allelic variants in the mouth of this study group are the same as those detected by other authors in gastric biopsies of Mexican patients with chronic gastritis, gastric ulcers and gastric cancer (19, 20) . On the other hand, the mouth can be colonized by more than one strain of H. pylori.
